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FOREWORD

This report describes a large-scale air monitoring and model
verification program undertaken by the California Department
of Transportation (Caltrans) in cooperation with.the Federal
Highway Administration (FHWA). This work was largely funded
by FHWA.,

The results of the program were many and varied. Valuable
knowledge was gained regarding the sensitivity of air quality
monitoring devices to operating conditions and sampling
techniques. An extensive data base was set up to help in the
development and validation of future line source models. Two
versatile and sophisticated mobile research laboratories were
constructed and thoroughly tested.

The obJectives of the program, the nature of the field data
collected and a broad overview of the project are contained
in this final report.



INTRODUCTION

Air pollution occurs in many different forms and results from
many different sources, The forms of air pollution vary from
noxilous and highly toxic gases to minute pieces of solid and
ligquid méterial. The sources range from dust storms and
volcanic eruptlons to flres in backyard incinerators.

The primary pollutants from the spark ignition internal com-
bustion englne are: Carbon monoxide (C0), oxides of nitrogen
(NOX), hydrocarbons (HC), lead, and particulates, Two of the
primary gaseous pollutants, oxides of nitrogen and hydrocar-
bons, react in the presence of ultraviolet light to form
secondary pollutants, The principal secondary pollutants
which have been identified are ozone CO3), peroxyacetyl
nitrate (PAN), and peroxybenzoyl nitrate (PBN). All of these
compounds are very actlve oxidants and have an extensive
effect on health and vegetation, California, with its cilties
built on flat lands surrounded by mountain ranges, a persis-
tent inversion aloft, a tremendous amount of ultraviolet
radiation, and a high concentration of automobiles in its
principal urban areas, ls an ldeal breeding ground for
photochemlical smog.

The principal factors affecting pollutant concentrations are:
the downwind distance hetween the receptor and the source,

the wind speed and assoclated turbulence, the source strength,
the mixing depth and solar radiation. In general, for primary
pollutants, the greater the distance between source and
receptor, the more chance there 1s for disperslon to occur
and hence lessen the concentration, Higher wind speeds have
the effect of increasing the amounts of air inte which the
emitted pollutants are dlspersed, thus causing greater



dilution. vertical Lurbulence further promotes the dispersion

of pollutants. The mixing depth dictates the volume of clean
aip available Lo aillute the pOllutants.

People 1iving, working, OY attending school immediately
adjacent to a 1line goure such as a highway are affectbed when
1ocalized pollutant concentrations reach levels injurious to
thelr health. This is the microscale effect and it musb be
analyzed and quantified in terms of pollutant concentration.
The environmental tmpact statement process requires, among
other things, that reliable microscale estimabes be made for
proposed projects, The indirect source review process, when

implemented, also requires these microscalé pollutant estimates.

in order to estimate microscale pollutant jevels with a degree
of pellabillty, the californila Department of Transportation
(Caltrans), funded by the Pederal Highway paministration and
rhe State of cglifornia, initiated g study with the followling
objectives:

1. Determine the remporal and spatial distribublons of

highway—generated alr pollutants adjacent Lo major freeways
in the Los Angeles area for yarious types of highway design
(at-grade, elevated, and gepressed freeway ©rosS sectbions) .

20 Develop and evaluate prediction models which can
estimabe chemically iner?t pollutant concentrations for any
Freeway cross gsection and for any wind angle with pespect
to the Frecway .

3. Evaluate-other ayallable microscale prediction models.
A pesearch advisory committee Was organized so that alr

quality, atmospherio sclence, and transportation engineering
expertise could all be integrated into & unified, efficient



of California faculty, and Caltrang Personnej, A Complete
list ig found ip Appendiy 4.

The main task or this resegreh effort began in July 1971,
with.approval of the pProject by FHwa, AsS shown in Figupe 2,
the line Source model wag developed and then modifieq after
Comparing the Predicteq CO valyes to the.measured fielq
Values of co, Also, the tasks op field Sampling, brobe con.

carbon monoxide.concentration adjacent to major freeways, a
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A line source prediction model wWas developed during the early
course of this study. References sa through 2T provide a
detailed description of the line source model and various
support activities which can be used in concert to provide alr
quality impact estimates., After analyzing the data base in
Reference 1, the model was improved. Reference 3 documents
the revisions to the line source model,

Two mobile research 1aboratories wWere consbructed using state
funds., These fully sutomated mobile labs were used to collect
the majority of the data for this proJect. Tables 1 through

3 summarize the data that were collected and reduced during
the latter phase of this project. A sysbtem checkout study

was conducted in order to determine whether O not the sam—
pling scheme used by the moblle 1aboratories had a significant
effect on the difference between the recorded and actual
pollutant concentrations. A detailled discussion of the study
is given 1In Reference L.

The sampling was controlled and the analyzer data recorded
and gummarized by using a mini~computer. An overview of the
system software and jndividual programs used is given in
Reference 5.



TABLE 1

MOBILE RESEARCH LABORATORY
GASEQUS POLLUTANT MONITORING AND DATA ACQUISITION

Instrument ) Number of
Manufactyre & Averaging Sampling Points
Pollutant Data Model Number —Time _2at Site —
Carbon monoxide Beckman 3158 60 minutes 15
NDIR
Carbon monoxide jJ Beckman 6800 15 minuteg# 9
Total Hydarocarhons Beckman 6800 15 minutes# 9
Methane : Beclman 6800 15 minuteg# 9
I\TO/I\IO?‘/I\J‘O.x Bendix 8101 B . 15 minuteg# 9
802 - HES - Tracor 250.y 60 minutes 1
1

Ozone ; " Rem 612 60 minutes




TABLE 2

MOBILE RESEARCH 1,ABORATORY
METEOROLOGICAL DATA ACQUISITION

Instrument Number of
‘ Manufacturer % Averaging Sampling Points

Meteorological Data Model Number, __?ime___ at Site
Three-dimensional Climed 60 minutes 2
wind speed and

furbulence
Wind Shear Climet 60 minutes’ 1
Temperature Cliimeb 60 minutes 2
Temperature over Cliimet 60 minutes 2

a vertlcal gpan of

17 feet

Ancoming Ultraviolet Eppley ‘ 60 minutes 1

radiation No 647a



;’TABLE's

MISCELLANEOUS DATA ACQUISITTON

'Traffic'Déta

Traffichlumes (Radar)

Traffic Speegs (Radar)

Traffic Volumes (Loop Detectors)
Traffic Speeds (Loop Detectors)

Particulate'Data
. —

Total Partieylabes (Hi-Vo1
Sampler)

Lead (Hi-ve1 Sampler)

Total Particulates
(Lundgren Impactor)

Various elements
(Lundgren Impactor)

@gﬁeorolégical Data
Cloud Coyerp (L.A, Alrport)
Celling Height (1,4, Airport)

10

Number op
AVeraging Sampling Points
=

Tim at Site
.___“___*_.__“___h____“___

60 minuteg 8
60 minutes 8
60 minuteg 2
60 minutes 2
120 minuteg#* 4
120 minuteg# 4

120 minutegs 45

120 minutegs 4o

Hourly‘Readings ~0=-
Hourly Readings -0~

t enough

time or traffic Occurance,



SUMMARY OF RESEARCH FINDINGS

The primary goal of this study was to establish an extensive
data base to be used for the development and validation of
microscale alr pollution models, This data base has been
established and should prove an Important resource for Pfuture
mieroscale modeling work, It includes data for the following
gaseous pollutants: (0, CHM, RHC, NO 3, H S and S0,. It
also contains detailed meteorological data including wind
speeds and temperatures at two heights, incoming solar
radiation flux, wind direction and directional variability.

Prelimlnary results from bag sampling operations (prior to
establishing the data base) led to an Improved version of the
California ILine Source Dispersion Model, CALINE 2. This
improved version incorporated slgnificant adjustments to
predictlons made for depressed sections,

Other results showed that €O and NO follow very similar
vertical dispersion patterns while total hydrocarbons diffuse
more slowly above the roadway, Lapse rates were shown to be
generally more unstable over roadways than adjacent areas,
Amblent levels of CO tended to be reached 300 feet (91 meters)
from the edge of the pavement in urban areas and 400 feet
(122 meters) in rural areas under stable atmospheric condi-
tions, On this project lead particles seemed minute enough
to not undergo significant gravitational settling within
1,000 feet (305 meters) of the roadway, and modeling lead as
a gas ylelded results with reasonable accuracy.

Interim reports issued in connection with this project include:
1, "Alr Pollution and Roadway Locations, Design, and

Operation ~ Preliminary Carbon Monoxide Study" by
Shirley, Ranzieri, and Bemis, May 1975.
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"Minicomputer Software Data Acquisition and Process
Control System for Alr Pollutlon Monitoring" by Winter
and Farrockrooz, May 1376,

3. "CALINE2, An Improved Microscale Model for the Diffusion
of Air Pollutants from a Line Source'" by Ward, Shirley,
and Ranzieri, November 1976,

y, "Variables Affecting Alr Quallty Instrument and Operation"
by Peéter, Pinkerman, and Shirley, June 1377.




EVALUATION OF WIND FLOW FIELD

An evaluation of the wind flow fleld (wind speed and direction)
in the Los Angeles portion of the South Coast Alr Basin was
performed in order to isoclate geographical locations where

(1) winds tend to be parallel to the highway alignment, (2)
winds tend to cross the highway alignmeni, This information
was used as an ald In selectlng the field sites for the study.

The data used in this analysis were obtalned from both the
Los Angeles Alr Pollutlon Control Distriet (5 years of data)
and the Natlonal Weather Service at the Los Angeles Inter—
national Airport (10 years of data). This data set was
supplemented with data obtained by the use of mechanical
weather stations (MWS) operated by Caltrans,

The wind speed and direction data were summarized into
frequency dlstribution tables, In order to have a feel for
the prevailing wind speeds and directions associated with
peaks in directional vehicular traffic flow, summaries were
made for the hours of:

1. 0600 -~ 0900 {(am. period)
2, 1100 - 1300 (midday period)
3. 1600 - 1800 (p.m. period)

From these frequency dlstribution tables, surface streamlines
were obtained (Figures 3 to 8). Figure 3 illustrates the
general flow of the land and drainage winds during the winter,
This is primarily caused by the difference in temperature
between land and the ocean, These land winds generally range
from 4 to 6 mph (2 to 3 m/sec) at the coastline decreasing
somewhat inland, During these periods, the surface atmo-
spherlc conditlons are generally stable and ground level
concentrations of primary pollutants may be high, Figures
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"4 ana 5 {11ustrate the general flow of the sea breeze regime
during the winter. This again is primarily caused by the
difference in temperature of the ocean and land, The sea
breezes generally blow at speeds of 8 to 10 mph (4 to 4.5
m/sec) along the coastline and decrease somewhat inland.
Figures 3 and 4 also 1llustrate the topographic effects that
the Palo Verdes Hills have on the surface alr flow,

Figures 6 through 8 Indicate typical conditions that exist
during the summer months, The morning periods (a.m.) are
generally assoclated with light winds varying in direction.
This Is the transition period in which the land breeze is
changing to a sea breeze regime, Figures 7 and 8 illustrate
the strong summer sea hreezes generally ranging from 10 to
15 mph (4.5 to 7 m/sec) at the coastline and decreasing
somewhat inland.

Based upon the wind flow field information, potential sampling
gsites were categorized'as tending to be a crosswind or parallel
wind site, The upwind and downwind sides of the sites were
also establlshed, This information was then used as a factor
in the selection of fleld sampling sites and design of the
probe conflgurations for the sites chosen,
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SITE SELECTIONS

The following is a brief discussion of the various types of
highway designs considered in the site selection procedure:

1, At Grade Sections

The roadway is at the same elevation as the surrounding land.
This can lead to fairly high pollutant concentrations (all
other factors being constant) due to the close proximity of
the source of pollutants to the receptors.

2. Pill Sectlons

The roadway is ralsed above the adjacent land on an earth fill.
This type of highway deslign can lead to possible reduced
ground level pollutant concenfrations downwind., The elevated
pollutant source tends to De more adequately ventilated
reducing the concentrations for both the motorist and the
receptor on the adlacent land, Speclal consideratlon was
made to evaluate pollutant congentrations near the downwind
toe of the £ill due to a revérse eddy generated by strong
winds. .

3. Depressed Sectlons

The roadway 1is continually hounded on both sides by an earth
eut., Pollutants are confined laterally restricting dlsper-
sion within the zone bounded by the cut. Thls may cause
pollutants to bulldup on the roadway under parallel wind
conditlons. However, thils has not been observed to date(l).
Ground level receptors may recelve reduced pollutant con-
centrations because of the larger cell in which mechanical
mixing attributable to vehlcle generated turbulence takes
place,
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7 As méntionediin‘thé previous section, a wind flow field
analysls was performed to determine the prevailing wind
speeds and directions, In addition, each potential site was
evaluated to determine the feasibility of gampling at that
particular site, It was imperative to have sites where the

pollutants under study could be isoclated from external sources.

Side streets and- frontage roads contribute relatively minimal
- amounts to the atmospherie concentration of the pollutants
near the freeway and were assumed to have negligible effects.
Large industrial sources and: alrports could have easily
overshadowed freeway emlssions at a specific site and were
therefore avoilded.

Another consideration for site selection was adjacent lznd
use, Of importance was the nature of the land use and the
physical heilghts, shapes and spacing of obstructions. Such
factors have a measurable effect on wind flow and surface
stabllity, Both single story residential and two story
residentlal sites were selected. These sltes provided data
from ar€as having aerodynamic roughness characteristics
representatlve of urban condltlons, where most pollutant
predictlons are made for impact analyses, Open, semirural
sltes, where the surface roughness elements are small, were
-also included since most dispersioh parameters currently used
to characterize downwind spread of pollutants have been
obtained from study of such areas,

Still another consideration was loglstics, The sites had to
be easily accessible for fileld personnel, Structures such as
freeway signs, light poles and pedestrian overcrossings were
required in order to support the meteorological instrumenta-
tion and pollutant probes, &Sites alsc needed room for the
-mobile research laboratory, when employed. Disruption of
local trafflec patterns was to be avoided.
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162"

FiG 9 GEOMETRICS OF SITE 1--SANTA MONICA FREEWAY

AT 4TH AVE PEDESTRIAN OVERCROSSING
(NOT TO 5 CALE)
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Filgure 15 View of Site 1 From
Freeway Looking East

Figure 16 View

of Site 1 Looking
North and Away From Freeway
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Figure 17 View of Site 1 Looking
South and Away From Freeway




Site 2 - Harbor Freeway at 146th Avenue Pedestrian
Overcrogsing '

This site 1s a typical 8 lane urban depressed section.

Figure 18 shows the geometrics of the section. This site is
representative of a highway located within a single story
residential area. The average helght of dwellings ranges
from 15 to 20 feet (4.6 to 6.1 meters) above the ground
surface. The highway alignment i1s essentially a north-south
direction (bearing N 00° 06! 57" E)., One of the most
important reasons for selecting thils site 1s that the pre-
vailing sea breeze 1s nearly normal to the highway allgnment.
"This permits evaluation of aerodynamic effects on air flow
wlthin the cut sectlon (see Flgure 19), the resulting impact
on pollutant concentrations on the freeway, and the downwind
dispersion of pollutants characteristic of this type of site
under crosswind condltions. Also, the site can be compared
to Site 1 for differenceé of pollutant concentrations between
parallel and crosswind conditions at the same time of day.

This site is located at the end of a cul-de-sac which mini-
mizes outslide pollutant sources. The pedestrian overcrogsing
and residential street provide access to sensors both on the
shoulder and median of the highway and in the downwind
direction to study the dlspersion of pollutants. This site
1s also located on the Surveillance Loop Project., Figures

20 and 21 illustrate the configuration of the sampling‘probes
during various phases of the study. Pictures of the site and
surrounding area are shown in Plgures 22 through 24.
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" FIG. 18 GEOMETRICS OF SITE 2 -- HARBOR FREEWAY
AT 146TH ST. PEDESTRIAN OVERCROSSING

(NOT TO SCALE)
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" SURFACE
WIND | >

::>' ‘ >

'FIG, 19 AERODYNAMIC EDDIES IN DEPRESSED
’ SECTION

(NOT TO SCALE)
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Figure 22 View of Site 2 From
Freeway Looking. North

Figure 23 View of Site 2 From
East Side Looking West Toward Freeway
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Figure 24 View of Site 2 From the
st Side Looking East Toward Freeway

We
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' 'Site 3 - San Diego Freeway at Weigh Station

This site is a typlcal at-grade 8 lane highway section. It
is representative'of a highway located in a rural area with
a flat, open terrain in both the upwind and downwind
directions. The area surrounding the highway consists of an
open grassy field on the east side, and a golf course on the
west side. The total width of highway from edge of pavement
to edge of pavement 1s 138 feet (42 meters), see Figure 25
for the highway geometrics and probe locations for this site.

There are no other local freeways or surface streets within
the immediafe area to contribute to the pollubant levels.

The site was selected to compare downwind dispersion in an
open area with low roughness elements to dispersion 1n a
built-up area with large roughness elements. Study of the
surface streamline analysis indicates that prevailing surface
winds are génerally in a crosswind direction with respect to
the highway alignment. Plctures of the site and surrounding
area are shown in Flgures 26 through 28.

Sites such as this are ildeal for model valldatlon because of
the simpliclty of the terrain. This site 1s not on the
Surveillance Loop Project, however, traffic monitoring pads
from which traffic volumes can be obtained are located
approximately 1l/4-mile (400 m) from the site. The pollutant
measurements on the highway are limited to both shoulders of
the pavement because there are no support strudtures located
in the median to mount pollutant sensors. The measurement
of the horizontal dispersion of pollutants is limited to

400 feet (122 m) from the shoulder in the easterly direction
becausé of a local flood control channel. On the western
side of the freeway, the maximum distance from the shoulder
is limited to about 60 feet (18.2 m) because of the golf
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